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Floy through Diaphragm under Teat .Conditions 


Calculation of Pore Size 


Calculation of Apparatus Constant. 


QUANTITATIVE SUMMARY OF INTELLIGENCE RELATING TO APPARATUS ^ 
CONSTANTS. 


QUANTITATIVE SUMMARY OF INTELLIGENCE RELATING TO PORE SIZE. 
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Mesh Weight 

Sinter Weight 

Direct Determination of Pore Size try B ubble Method 

Determination of Pore Size by Calculation of* Barrier Tester 

Flow . . . . . . . e ......... * * 

Determination of Maximum Permitted Pore Size for Pure Knud - 
sen Flow . . . .............. 

Determination of Pore Size from Considerations of Grain 

Size. . 


Determination of Pore Size from Poiseuill e Component at 
Upper Pressure. 


Collected Results. 


Pore Size Variation. 


INTRODUCTION 


In early 1946 at Sinop Institute, apparatus was developed in the — 

laboratory of _^Dr. Hans7 Bartel and j/ing . Wladimir/ von Maydell 

of Peter Adolf Thiessen's department in order to test barrier 
by a pressure equalization method. The diaphragm was placed in a 
holder which formed the connection, between two glass bulbs. 
Manometers were provided to measure the pres sure in each bulb 
and the drop in pressure across the barrier. no 
details as to the operation of this experiment, but certain 
that it did not lead to any satisfactory result. 


2. Somewhat later, the Bartel and von Maydell section developed 
another apparatus for measuring the permeability of barrier by 
a continuous flow method. In this equipment, the barrier was g 
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placed in'-a holder -which was connected on one side to a needle 
valve which admitted air from the room to the system; a needle 
valve connected to the other side of the holder was, in turn, 
connected to a fore vacuum pump. An, i absolute mercury manometer 
was provided to measure the pressure on the upstream side of 
the barrier; an oil differential manometer served to measure 
the pressure drop across the barrier. The manometers which 
were provided for measuring the absolute pressure and the 
pressure drop across the porous diaphragm were longer than 
those furnished with the so-called standard measuring apparatus/, 
used later. The cross- 3 ectional area of the manometer’s % 

tubing and the length of the connecting rubber hose wore 
smaller. There was a "considerable discrepancy" between the 
values which were measured at Sinop with this early equip- soxi-hum 

ment and those which were measured in Moscow. 


3. Sometime later, at an unre called date (early in 1947), a standard 
measuring apparatus was received in Sinop from a Soviet laboratory 
believed to have been located in Moscow. This apparatus was 
accompanied by etalon barriers, so that it was possible to 
check the constant of the apparatus without difficulty. The 
procedure for measurement of / (gamma) and ^^(delta gamma 
over gamma) and their definitions were specified at the same- 
time, but source does not recall seeing any written instructions. 


4 . The permeability of a barrier was characterized by a quantity 
called gamma. This was recalled to be a dimensionless constant 
which is proportional to the flow of air through a unit area of 
the barrier for a given pressure drop across the barrier. In 
practice, the gamma value was determined from the experimentally 
determined pressure drop across the barrier for a known constant 
flow of air through the barrier. Thus the gamma value is equal 
to the apparatus constant divided by the pressure difference 
across the diaphragm . ' 

5. A second barrier constant which was determined was ^taelta 
gamma over gamma) , This quantity is a measure of the change in 
permeability (gamma value) over a prescribed pressure range. 


3. A quantitative discussion of the theory of flow through a 
barrier and the definition of gamma aie given on page 16 
of this report. 
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This term is a measure of the ratio of Knuds en flow to Poiseuille flow, 
and is related to the average radius of the pores in the diaphragm. 4 
This quantity may be defined as 

Because / is inversely proportional to the pressure drop across 
the barrier, this reduces to > 

Ay » Avi - Avi 
y Api 

This constant is determined on a slide rule by simply dividing the 
difference between the pressure drop (measured at the two values 
of the fore pressure) by the value of the pressure drop which was 
reoorded for the lower pressure. 

the measurement of the gamma value was 

specifi ed at an upstream pressure of 15 mm of mercury. 
however, | an early period this constant was measured at a 
higher pressure, perhaps 35 mm of mercury, because the lower 
press ure could not be attained with the small fore pump then in 
use. 


the end of the column 

was on a ? ’half line” on the scale which appeared at every 5 milli- 
meter interval. ("Whole li nes" occurred at the 10 millimeter 
intervals). On this basis , the higher 

pressure was either 55 mm, 65 mm, or 75 mm of mercury. p 
the 65 mm value the most probable. 

The measuring apparatus supplied by Moscow was modified by the 
Bartel-von May dell action so as to adapt the equipment to 
measuring tubular barrier. This equipment is described in de- 
tail on pages 5 t'o' 10 of this report. 


As an adjunct to the barrier production process being developed 
by the Technological Section^ of the Thiessen Department, a 
"gamma forceps" (Gamma Zange) was developed. This was a small 


The relation of delta gamma to the pore radius is given on 
pages 
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unit which could be clamped on a sheet of barrier to measure the 
permeability of a small area. In practice, the gamma values 
(and delta gamma over gamma values) were measured at two or 
three places , on the sheet of barrier before it was rolled in- 
to a tube. The differences between the three values were a 
measure of the homogeneity of the barrier. The difference 
between the gamma value ©f the flat diaphragm and that of the 
finished tube was a measure of the tightness of the welded 


10. A second Soviet apparatus was encountered sometime 

in 1949. It was used in production testing This apparatus 
was identical to the apparatus which was developed in 3 inop 
except for the measuring head, which was vertical rather than r 
horizontal. ] these units in the factory at ElektrostalJ 

Later, apparatus of this type was received in Sinop. 


DESCRIPTION OF STANDARD MEASURING APPARATUS 


11. A schematic diagram of the arrangement of the apparatus is given 
in Figure 1 on page 6 . The following items are noted on this 
sketch: 


Point 1 


Manometr 


A ^tailed sketch of the manometry is given in 
Figure 2 on page 7 . This is identical to the 

arrangement provided with the original equipment 
received from Moscow, It was taken over without 
modification, and was also used with the "gamma 
forceps" and the so-called vertical measuring 
apparatus. It should be noted that the mano- 
meters in this apparatus are relatively short. 7 
Care was taken to make the cross section of the 
tubing large, so that the flow resistance in the 
apparatus was as small as possible. In this case, 
no measurable pressure drop was on 

the oil manometer when the machine was operated 


7. The restriction in the range of gamma values over which 

the apparatus could be used is discussed on pages 13 and 13-21. 


/Text continued on page €J 
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Point 2 


without a barrier. In the earlier equipment, a 
correction to the reading was necessary to take 
account of this effect. 


One experimental apparatus In Bartel’s laboratory 
was fitted with a set of long manometers. The 
purpose of this apparatus was to measure gamma 
at higher pressures in order to extrapolate the r 
gamma-zero value (value of gamma at zero pressure) i- 
the group was also studying 
whether the values obtained at higher pressures had 
any real meaning or whether, in this region, only 
Poiseuille flow existed rather than Knuds en flow. 


50)^>HUMl 

50^ThUM| 


Measuring Head 


A detailed sketch of the measuring head is given 
in Figure 3 on page 9 . Holes A and B were 

connected, by means of thick-vailed rubber tubing 
of large diameter, to corresponding points on 
the manometry. ^3ee Figure 2 on page 7 J, C 
is the conical sleeve on which the tubular barriers 
were fitted. E is a small brass disk in which 
one, two, or three small holes were punched. These 
holes served as critical orifices to meter the 
flow of air into the instrument. The holes were 
punched in a very thin section at the center 
of the disk. 9 the 

under one-tenth of a millimeter in 
diameter. ! the disks were manufactured by 

Wolfgang Fr iedrich7s r ocke P ] 

the volume of air per unit time which passed 
through the orifice was measured with a gas meter. 

50X1 -HUM 



9. | 

1 mechanic made brass plates which were veiy thin in the 
middle. This mechanic then punched holes in this plate .... 
Probably with a needle .... And these plates were placed in 
the measuring apparatus and then tested for their volume 
per unit time. Now, such plates were selected from the 
hatch which gave an oil deflection corresponding to the 
expected value of gamma” (for the standard manometry) . 

10. Sr ocke was one of the best mechanics a t Sin op. Shortly 

af ter re turned to the DDR j employed Srocke 

in Institute of Catalysis Research in Berlin-Liebenwalde . 


50X1 -HUM 
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1 1 ' 

Needle Tel re (D) 

* ' nU 

Pump 

Scale 1*1 

" ***.-*? ““ ' 

PST AIL OP HEAD OP STANDARD MEASURING APPARATUS 


FIGURE 5 
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Point 3 Glass Outer Tube 

This tube was provided with a flared conical opening 
which slipped over the measuring head. 

Point 4 Barrier 

The tubular barrier was slipped on the corresponding 
sleeve on the measuring head. A small soft aluminum 
closure was provided for the other end of the tube. 

Point 5 Rest for Glass Tube 

A small extension shelf was provided for holding 
the glass outer tube when it was not in use . 

Point 6 Bench 

The apparatus was mounted on a small wooden table. 

Point 7 Vacuum Pump 

A medium size Kinney-type pump was provided to 
evacuate the system during test. During the early 
stages in the development of this test equipment, 
the vacuum pumps then available would not permit 
measurements of gamma at pressures lower than per- 
haps 35 mm. 

TEST PROCEDURE 

12. The following procedure was employed in testing a diaphragm with the 
measuring apparatus: 

a. Diaphragm was mounted. 

be The glass receptacle was put over diaphragm. 

c. The valve across the oil manometer (indicated as (d) in Figure 2 , on 
page 7 ) was opened* 

d. The pump was started. 

e. Fifteen millimeter pressure was set for the absolute mercury 
manometer by adjustment of the needle valve. 

f. Valve across oil manometer W&s closed. 

g. The pressure difference across the oil manometer was read, and 
the gamma value at 15 mm pressure was calculated. 

h. The valve across the oil manometer was opened. 
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i* Sixty-five millimeter pressure was set for the absolute mercury 
manometer by means of the needle valve.. 

jo The value across the differential oil manometer was closed. 

ko The pressure difference across the oil manometer was read, 
and delta gamma over gamma for the range 15 mm to 65 ram Hg 
was computed. 

PHYSICAL PROPERTIES OF 11 

13* The basis of the production was 10,000 mesh per square centimeter 
of nickel wire. Other screen with 5,000 to 20,000 mesh was tried, 
but 5,000 mesh was found to be too coarse and 20,000 was too 
expensive. In 1947, 10,000 mesh was adopted. The 10,000 mesh 
screen came from an unidentified factory in the DDR through the 
First ^Chief^Directorate. 

14* The screen arrived in rolls of about 100 cm width. Th *5 wire drawing 
lubricant was removed by js odium-hydroxide) 3ye, and the mesh was 
then etched in acid to give a 20 percent decrease in weight. 

15. The screen was rolled, which produced a one-percent extension in 
the direction of rolling and some reduction in thickness a to- 
gether with a related variation in the volume of the holes. The 
thickness of the rolled screen and the finished diaphragm was 
measured on a polished metal plate with a dial gauge. 

16. The wir9 diameter was 0.05 mm with a small (unknown) tolerance. 

For a surface area of 250 cm2 (12) an( j an assumed 200 cm of wire 
per cm 2 , the weight of the screen was 

ir - P • A • 200 • d 2 -tr - 8.9 x 250 x 200 x (0.005) 2 Tr 
j 4 4 

W = 8.75 gm. 


11. This summary of the properties of the barrier was made to be 
used as a basis of calculations in paragraphs 26 to 28. 

A further discussion of this summary is found on page 21. 


12. This is the area of wire mesh required for one Thiessen 

tubular barrier 1.5 cm in diameter and 50 cm long including 
the seam for welding. 
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17* Because the wire was woven, 

224 cm of wire would be required for a square cm of 10,000 
mesh screen (an increase of 12 percent)* The corresponding 
weight for 250 cm 2 was 

W » 9.8 gm. 

The 20 percent loss caused by etching gave 

W = 7.85 gm. 


18. The volume occupied by this wire was therefore 

V = js = 0.88 cm 3 

1 the thickness of the wire mesh after rolling 
to be 0.085 mm, and calculated the total volume to be 2.11 cm • 
The volume available to be filled with sintered nickel powder 
was estimated to be 

2.11 - 0.88 = 1.23 cm 3 


( 

the density of the sintei 

:• material vas 

approximately 50 percent that of solid nickel. 

i ^ 

this is the density obtained for a 

nickel powder; 


sintered at a temperature which is two-thirds its melting 
temperature. 


20. The weight of the sintered nickel powder was 

1.23 x 4.45 = 5.5 gm. 

The total weight of the barrier was estimated to be 
5.5 * 7.85 = 13.35 gm. 

This compared well with a value of 13 grams which was recalled 
for this weight. 

21. The weight of a solid nickel tube of the same dimensions would be 

8.9 x 2.11 » 18.9 grams. 

Therefore, 70 percent of the barrier is nickel, and the pore volume 
is accordingly 30 percent of the total volume. The porosity f 
is by definition 



THEORY OF THE PLOK OF GAS THROUGH A BARRIER 

22. Prior to the reconstruction of the theory of the flow of gas 
through a diaphragm, source recalled the following: 
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The details of the construction and operation of the a pparatus 
for H ft terminatio n of gamma and delta gamma over gamma. 

[ the flow of gas through the diaphragm was 

proportional to (a) the pressure drop across the diaphragm, 
(b)aconstant, and (c) the permeability of the diaphragm 
(its gamma value). 

The gamma value of a Thiessen tubular diaphragm was recalled 
with certainty to be about 1 x 10-3. The corresponding 
pressure drop in the apparatus was recalled to be about 
100 mm of "bone oil". The "apparatus constant Kf defined 
from the equation 

t -- 1 

was recalled to be between 100 and 200. This was recognized 
to be dependent on the mass flow through the critical orifice, 
the area of the diaphragm, the barometric pressure, the 
ambient temperature, the mean free velocity of the molecules, 
the humidity, and the gas viscosity. 

The flow of dry nitrogen through a tubular diaphragm in the 
measuring apparatus which corresponds to a pressure drop 
across the diaphragm of 100 millimeters of oil was recalled 

to be 120 cm-V sec * 

The gamma value was known to be a coefficient characterizing 
the intrinsic properties of the barrier including the average 
pore length, the average pore radius , and the number of pores 
per square centimeter. The porosity of the diaphragm f was 
introduced into this reconstruction at a.; later, point. 

The equation for the molecular (or Knuds en) flow of gas 
through a capillary of length Z and radius r which is given 
on page 1499 of J. Dans and E. Lax Taschenbuch fur Phyaiker 
nnd Chemiker was used as the basi s . for this theory, when it 
was outlined to source by Bartel. 


3-E-C-R-E-T 


I. 
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developed ! onJy after a number of blunders* ffiee foot note 15 

for an example^ 


24. From D'Ane andTEax TaflbhenSuQli_ fiir Chemiker und Physik&c, page 1499, 
the mean velocity ? in a pore of radius r and length <1 , 
satisfying the oonditien for pure Knudsen flow (via., X (mean 


free pain; r; is 

- . 1 . 4 • £ ,/f" ,Pi - Pa , 

w TF~ 5 

W = velocity of flow, (om sec" 11 ) 

s gas density at®# $r»e cm" 2 pressure, (gm cm"3) 

r ■ pore radius, (om) 

l 9 pore length, (om) 

Pl m upstream pressure, (mmj Hg ) 

P 2 ■ downstream pressure, (mmj Hg'|) 

Defining the mass flow through a diaphragm made up of identioal pores 

its?' - A E y0 a V 

A = area of barrier, (cm 2 ) 

N = number of pores per cm 2 , (cm“ 2 )- assumed identical 
p - gas density at mean pressure (Pj * P 2 ) , (gm cm~3) 
a = T 'r^ = cross section area of one pore, (cm 2 ) 


On substitution 


T/> 1 1 [T A r 3 H ( Pl - p 2 ) 

' s v If f 
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25. At this point in the analysis, source tenatively identified 




r 

f 


as gamma. However, the terra was not familiar in this form. A 
consideration of the meaning of N and its determination by 
measurements which could be made on the diaphragm led source 
to recall the porosity. 14 


6 


and 

N = 


Total volume 
Pore volume 

A l - 

iUFFT” 


_L 


£ 'ir r 


On substitution of this term in the Q equation in paragraph 24, then: 
M 1 


Pi + Po 


p 4= 1 /I* (p-, 

/ ^3 /ir l£ 


p 2 ) 


and source identified 

Y - - 


r 

£ £ 


as the definition of gamma. 

Thus, 

i » p_l_ i /r a p t - p. 

t / {ft 3 W pT^Tp 




f>- p. 


760 


Pi + P; 

• 760 


y° 76o = density of gas at pressure of one atmosphere 

Thu^f-A^ i 2 /J . n P y 

* 760“ v^V 5 

The volume flow V/ t, (om^ sec ^ into the pores of a diaphragm may 
be expressed as 


V 

t 


M «* A 1 2_ /IT* Jta • y 

/ 7 60 760 Jp; 3 /r - ' 


14. 


recnuxas and (iage 
determination. 



in the article of 
for powder size 
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APPLICATION OF THEOHT TO THIESSEN STANDARD BARRIER 
P laphragm, Tender . 1«;L C.gBflltlffna 

26. A ■ 250om2, V « 1 x 10-3, 50X1 - HU 

Pi - ?2 mm of oil = 6,5 ram mercury. 

M - 0. 0012 x 250 x 1.59 x 6 . 5 xl0~3 x 2 = 7.81 * 10-2 m 8( ^-l 
t 760 x 3.5 x 10-2 x 3 ; 

and the calculated value of the volume flow would be 

V g m ■ 7. Si x 1Q~^ • 65 cm3 sec"l of air at 760 mm 20^0. 

/> 160 0.0012 


This does not agree with the value of 120 cm^ sec"^ 



i 

i 


on r?o 


a Thiessen diaphragm would have f = 1x10*3, 
= 0.85 x 10-^ cm ; and € * 3*3* Therefore, the "average” pore 


two mistakes in arithmetic in 

this analysis. density of the gas passing 

through the diaphragm as 0.0012 gm cuT^, i.e. , at 760 mmgi 
when it should have been ** 


760 x 2 


1 P 2) , (ipl* and P 2 in ran Hg) 


.0012 x 10" 6 * 3.5 x 1CT 4 
instead of 3-5 x 10"5 


quantity tu rned out to be 

nearly equal to the value of 120 cm r3 sec"-*- 


S-E-C-R-E-T 






radius 

r (1 x 10“3) ( 0.85 x 10 " 2 ) ( 3 . 3 ) 

“ 0*3 x 10~4 cm *0.3 micron 

and a diameter of 0.6 micro* 16 Th ia value . 

Thiaa^«n^h° n ° f S0Ur ° 8 that the P ore size achieved with Vie 
Tniessen barrier was under one micron. ’ 6 

/"Calculation of Apparatu s Conatant. 

28. Solving the equation 

7 - Jl_ 1 2 ft tv V 

7^0 J P \ 3 Jr ' 


for gamma, one obta ins 

y m v V 7^0 /? 


V X 760 Yfih X 3 

Tx i x'1.59 


1 

"27 


ZA.p in mm Hg7 


Substituting 

V = 120 cm^ sec"i 
A = 250 cm 2 

^ s 3.5x 10-5 
one obtains the expression 

Y = 220 x 760 X 3. 5 x 10~5 Y ^ 
250 x 2 x 1. 59 

which reduces to 

/ = 1.20 X 10 -2 Jl 

A P 


Ap 


for 4p expressed in millimeters of mercury. 

v S ex P resa ®d in millimeters of oil 
o be bone oil which has a density of about 0.85} , then 


the oil used 

50X1 -HUM 


y = 0.19 _i_ 


oil 


or Y = 12Q_ x 10-3 


Ap. oil 


50X1 -HUM 


this equation is deeo^hea in paragraphs °38 V^. 6 . ‘ *in 'these" 
a value of £ * 2.0 was used. 


50X1 -HUM 
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the apparatus constant was between 100 and 200, 


QUANTITATIVE SUMMARY OF INTELLIGENCE RELATING TO APPARATUS CONSTANTS 


An end e avbr t was made to get ]|maximum 

and minimum figures to give most likely values for apparatus flow 
rate., The variations in upper test pressure were from 55 to 75 mm 
Hg p but these did not make any difference to the flow rate in terms 
of cc standard air/sec, as thqy cancelled out in the equation of 
flow. In any case, the lower test pressure remained constant at 


The discrepancy, therefore, lay in y and &p, or in the 
theoretical model chosen. 0 • 


30. The range of specification y was 0.8 - 1.2 x 10-3 at first, and then 
later 1.0 - 1.4 x 10*3. For constant ® 100 ram oil this would 
give a variation from / 


• 0.8 x 65 to 1.4 ;X 65 
55 52 to 91 cc/sec 


the specification range of y 

cou±a not explain the discrepancy, inasmuch as to give 120 ec/see 
at the s bated A p of 100 mm o il, the value of y wo uld have to 

122 x 10~3 = 1.8 x 10"3. the on ]y figures 


affecting the calculated test y were air flow rate, pressure drop 
across the barrier, barrier area, an d apparatus constant K f which 
included barrier area and flow rate). 


the relation between this theory 
ana tne tests is described .pj^BB^raphs. 29 Ti 
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watch value of 120 c c/sec was true of the corrosion tests, where y 
was in the range 1.0, 1.2, 1.4, 1*6, 1.8 x XQ”3. Tubes were 
given further sintering to get higher y values. Only one bar?- 
rier tube was tested at a tine. The. oil manometer was never below 
40 mm oil. 


32. 


the highest and lowest A p 
associated w ith ysl.O - 1.8 x 10-3 in corrosion tests. 

1th ft mirdjmim um A0 mm n il a nd thft Tnaylmiim about 


150 mm oil. 

65 cc standard air/sec flowed at y -lx 10”^ and A 
100 mm oil. Associating the minimum Ap with maximum yof 
1.8 x 10“’ would give a theoretical air' flow through the orifice 
oT 

* x 65 s 47 cc standard air/sec 

The maximum A p associated with the minimum / of 1 x 10”3 would 
give a calculated orifice air flow of ' 


50X1 -HUM 
50X1 -HUM 
50X1 -HUM 


152 x 

100 


65 ■ 97 00 standard air /sec 


These figures were not consistent with 120 cc/sec. 


33. 


50X- 


Jin general^ production dia- 
1.0 - 1.4 x 10"3. For corrosion 


phragm s lay in the range y 
tests, chose barriers in this range, but had tested 


had 



50X1 -HUM| 


fallen to 0.7 - 1.5 x 10”-* due to plugging. The corrosion apparatus 
itself therefore had to cover a range y * 0.7 - 1.8 x 10“’. 

used several testers, and did indeed determine f 

for each by metering the flow through the ultrapore. 

he constant 


[this constant lay : 

in the limits 


19. Note: 

This statement could be compared with the calculated expression 
in the theory on pages 16-17. 

Ho- 3 > V sc 760 x £Tsc 2 S 10 3 * 13.5 
A x 2 x 1/59 x 0.85 x 


In this 9 10“ 


= constant x V 

A x A poll 

For fixed A z* 250 cm 2 , as was almost invariably the case in 
the tube test: — 

/10-3 = constant x 


V 

^ytpoil 


K 


A constant K of 190 was calculated to be associated with V - 
63 to 126 cc standard air/sec. 
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limits of the 

apparatus cons tant and the limits of Aft, \ 

limits of V in terms of ±0**3. These were: 

11 4. 4 VI “ °-66 

smallest possible 150 


largest possible » 5.0 


most likely upper s 2.5 


most likely lower "1*33 


It was agreed that / = 5 x 10*3 V as out of the question and that 
the "most likely" range was more realistic, although y was not 
likely to exceed 2.0 x 10"’. 9 


35. Thus one might expect the following associations;^' 


Apparatus constant 100 


(Air flow = 63 cc standard air/sec fixed) 
( A jO ~ 40 mm oil minimum seen 
( y £3 2.5 x 10"3 maximum seen 


Ajjczz 100 mm oil most frequent 
y ^ 1 x 10“*3 most frequent 


Apparatus constant 200 


(Air flow = 126 cc standard air/sec fixed) 


150 mm oil maximum seen 


1.33 x 10"3 most likely lower 


Doubtful ( A jo 100 mm oil most frequent 
( y ^ 2 x 10"^ most frequent 


The above state of affairs was consistent with the rf q£appara;fcua"?with 
constants of nearer 100 for production testing of barrier in the 
region of Y = 1 x 10~3 > yhen would be nearer 

figure of 100 mm oil. i 
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36. On the other hand, apparatus with constants of nearer 200 would be 
more consistent with the corrosion test* which had a known air flow 
of 120 cc/sec and tested barriers of higher y»X : up to 2 x 10"^). 50X1 - HUM 


37. 


most likely figure of 120 cc/sec, 

corresponding to a constant of 190 fixed, although he al^O thought 
100-140 cc/sec had been used. Barriers of the order of 1 - 1.4 x 
10~3 must then have produced Ap of the order of ISO-190 mm oil. 


50X1 -HUM 

QUANTITATIVE SUMMARY OF INTELLIGENCE RELATING TO PORE SIZE 


50X1 -HUM 


Barrier Weight 20 


Mesh Weight 

38. With the acid etch of a there was a 20 percent loss of 

weight. With rolling, there an increase in length of 0.5 cm 
for a 50 cm long section, with a concomitant loss in thickness and 
a change in the usable volume of the holes in the mesh. 

39. The sheet of wire mesh was 250 cm^ in area, allowing enough for one 
seam, and was 0.1 mm thick. There were 200 cm wire, if taken ab 
straight, in one square centimeter of mesh. The weight was therefore: 


a 2 7 T . 200 . fi . A = (0.005) 2 21 . (200) ( 8 , 9 ) (250) 

4 / 4 

=“‘8.75 grams 


20 . This analysis of the weight of a diaphragm had been carried 
out previously 

50X1 -HUM 
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In fact, however, the waviness of the wire cb woven gave a factor 
of 1*12 on the figure for assumed straight wire* The weight of 
untreated mesh in the sheet was thB^ore'\l^^$^75 - grips* 
For loss in weight of 20 peroent by etching, this beotsme 
9*8 x 0*8 - 7*85 grams* 


Sinter We igh t 

The volume of solid nickel in the mesh was 


0*88 oo* The 


thickness of the mesh was estimated as 0*085 mm, taking in- 
to aooount the loss caused by rolling and etching, so that 
the over-all volume was 250 x 0*0035 * 2*11 oo* The usable 
volume for sinter was, therefo re, 2*11 - 0*88 - 1*23 co. 

the density of sinter material 

was about half that of solid nickel, viz*, 4*45 The 

weight of sinter was, therefore, 4*45 x 1*23 ■ 5*5 grams for 
one sheet of 250 om area* 


42* The total weight of mesh plus sinter was 5*5 + 7*85 - 13*35 
This figure oompared favorably with the 13 grains 


grams* 


The weight of the sheet would have been 


50X 1 -HUM | 
50X1 -I^BI 


250 x 0*0085 x 8*9 • 18*9 grams, if It had been solid nickel* 
The voidage ratio was, therefore, 

0 * 30 * 


Dgggg df ror£ maakrc- 

The diaphragm tube was plugged at one end, and the other end was 
connected to an air supply and manometer* Starting with a 
considerable over-pressure (more than one atmosphere), the tube 
was inserted into a vessel containing ethyl alcohol, whereupon 

numerous bubbles streamed from the surface of the alcohol* The 

/ 

pressure was then reduced until the last bubble stayed steady 
on the surface, and the pressure difference ^p across the 
diaphragm was read* & p, as measured, lay between 300 and 
760 am. 
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J&* t»st was to dotoraino tho radius of tbs largest pars* 


and that it was applied to harriors that had failed tho throe 
percent tost, duo possibly to welding faults at tho seam. 


Ap 


-W 


Radius! 
r 


Assuming that the watting angle was m&T., 
and resolving axially, cos 6 » 1 and 

g 

Ap ^ 2rp, where ^was the 

surfaoe tension. Sherefore, r - . 

waa 25 dynes/on. was between 
0*4 and 1.0 x 10^ dynee/ca 2 . 


Therefore, tha measured, else a* tha maximum pore in a harrier of 


^ throe poroent was in the range |~6 to 5 ?y - on, 
i»e«, 0.5 to 1.2yU« 


the above picture was as sinpla as possible, 
practice, there was a definite value of B, and the pressures 
for streaming through the last pore and for a steady bubble Just 
ooverlng the last pore were not the same. 




J£g£§^j^e M ^_C a3,CT j^ a , i ^ i gB g£ arri^^-BU, 

p'Ans and Lax, Taachenbuch fuer Chealker und 
Physlker. At the bottom of page 1499 was given an expression for 
pure Knudsen flow through a straight circular channel of radius 
r and length &. She nean velocity of flow through suoh a channel 
was 

- . I •! .£ JT . P 1 " p 2 

w ^ 5 J ir P x * P 2 


50X1 -HUM| 


21. 


the figure 0.05 to 0.12 m 





Is clearly wrong, if his reasoning is to 


be believed. It is probably another 


arithmetical 


errors, and so has been corrected above. 
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49 . 


where 

w 


mean velocity of flow, oz^/seo . 


^ « density which the flowing gas would hawe at one dyne/om » 
v - pore radius in centimeters* 

Ji - pore length in oentlaeters* % 

» upstream pressure in millimeters of oil (or Hg)* 

P 2 ■ downstream pressure in millimeters of oil (or Hg)» 

Pl - p 2 » £p measured in millimeters of oil (or Eg)* 

[Pressure appeared as a ratio, so that any consistent units could 
he used*] 

The basic assumption was to take each square centimeter of barrier 
as a number N of Identical pores, each of radius r and length £ , 
passing gas at velocity w* this model might 


be far from actuality* Sae volume flow in eo/see of actual gas 
at (p^ p 2 ) /2 mm Hg and standard temperature was 

H « a « w co/sec per square centimeter of barrlor 

5 

- N a w A oc/soo for a barrier of area A cm 

where a « cross-sectional area of one pore 

2 2 
- irr cm * 

The volume flow was, therefore s 

7 « Ha A . w - Ha A . .#■ . j . j 


Ha A * 




h + p 2 
4i> 


whar* p„ - P 1 + p 2 

a — g — 

and the volume flow was measured in co/seo at and standard 
temperature* 




the volume flow was 120 oc/seo 
of air, referred to f6o mm and 20° C, through a barrier of area 


5oxi-Hujyy 
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mm fmmm- 



2 

A - 250 on 0 when the upstream pressure was ® 15 am Eg and the 
pressure difference <Ap was ICO an oil » 6*5 mm Eg* Renos# 


P 1 * p 2 was 11*75 ■» Hg# Further discussion yielded an 

' ' 1 ' T " 

estimated figure of OwOl o» for /* 


$1* As a n approximation# 


1 a value of 30 peroent for void- soxi -hum 


age# 

With 50 per* 

oent voldage (i*e.# 100 peroent sinter) and the assumed model# 
Na A - 0.50 x 250 - 125 on 2 . 

Finally* tho donnlty of air mi takaa as 1.2 x 10"* 5 n/oo at 
o 2 

760 mm and 20 C* At one dyne/oa # this density would he much 
smaller# l#e*# 1*2 x 10*^ x 10"® - 1.2 x 10"*^ ©a/co# and 

B f 

would be 3«5 * 10 ^ * see.# om a The following substitutions 
were# therefore# nodes 


V - 12 ^ 1 ^^ 3 oo/aao at 11.75 *m Eg and 20° C. 

EaA - 125 am 2 . 

^ - 3.5 x 10-5 M0>1 o*” 1 , 

Jt - 0.01 OB. 

- 6.5 an Eg. 

Pa - 11.75 ■■ Hg. 

r - 120 x 760 x 3.5 x 10 ~ 5 x 3 x 0.01 x 11.75 
11.75 x 125 x 2 x 1.59 * 3.5 

- 3.7 x 10 -5 ob. 


- 0.37 ^ 

This was the value of pore radius on the assumed model for assumed 
pure Khudsen flow at p 1 « 15 «» Eg* [Any other voldage ratio oould 
be substituted for 0o50 in the denominator •] 


... Ditsmirmtioh og-ittaah^ 

Sp«- By direct substitution in the appropriate equation on page 1499 of 
D f Ans and Lax# 

4 < oA 
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rraeps 

d 


!*«■« 


H • mm f*«« path of tut* *+ +%. 

- 3.75 x 10~* ea »t 12 *g 3^* 0p,mias proSBur » la tb. p« w 

i*4 

G«o 


* 1 d< 9 »* * 5*75 x lo 
<1.5 x 10" 4 o*. 

i < rt_7c ** 


£^a?SSS,o j^e Size for , 

53. K wm powibi, to dotowm, the MM „« * 

, a n«abor of .p^. * eontaat . **" 8lM f °* » « *- — ttp 


toot, r 
iolaod 1 


- -C:.rr — - 

“«••. a total tut. a, tta-M* i tnma 


awthod vero unproduotl^a. 


^axiona hy this 


r~ n 
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If y was calculated on the assumption that the Khudsen theory 
applied, then the intercept on the V axis would be y o » 

corresponding to the true Khudsen component of the flow . 


££, In aotual fact, cage out at about 1 x 10~^, and the ratio 

r 

at about 0*01 to 0*03* [Assuming a straight line, the 
same A y would be obtained for any pair of test pressures 
differing by 50 mm Kg*] By proportion, for Y^ “lx 10“^ and 

0.03, Yo m i 1 - 0.009)Hr 5 - 0*99 X ID -5 * 


v4. 


egression for the Poiseuille component soxi-hum 
of the flow, when the barrier was under p^ ■ 65 m Hg* In view 
of the many inaccuracies already present, it was possible to 


write that the maximum Poiseuille component at p„ » 65 mm was 


0*03 x 120 cmfysec of air at 7&> an and 20° 0* This was permitted 
because (a) the pressure difference (p 1 - p g ) was maintained 
sensibly equal to 6*5 mm Hg for both the 15 mm and the 65 mm tests; 
(b) although the aotual volume flow at the test pressure varied, 
the volume flow was constant when referred to 760 ss and 20° 0, 
as the orifice maintained constant flow; and (c) for small changes, 
the relative variation of pressure difference at constant flow 
could be taken as equal to the relative variation of flow at 
constant pressure difference, assuming the insertion of a 
parallel Poiseuille flow* 

$J t The maximum Poiseuille flow in parallel with the Khudsen flow 
was, therefore, 0*03 x 120 * 3*6 cc/sec referred to J60 mm and 
20° C. The test conditions weret 
&p » 6 <, 5 ms Hg* 

Pt * 65 mm Hg. 



At P 1 * p 2 » 62 mm Hg, the actual volume flow would be 
2 


*6 x 760 ■ 44*2 co/sec* 

~52 
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?#» For W r 2 A oa Z of ports, each ©f radios r, the aeaa Poiseuiiie 


velocity wp was. therefojpe, equal to 


Wa *° 


125 

oa^sae. 


ossumlag KtA - 02 5 o» 2 as before, i.e., 50 percent vol <ta«. 


and H identical pores, of radius r, per square oentiaieter. 


?S» Fro « page 1497 of D'Ans and Lax, 
wp - ^ P 1 " p 2^ . r 2 . 


(Pj “ Pg) “ 6.5 nsa gg 


~ ^rl> dynes/am 2 


8.56 x 10^ dynes/om 2 . 


0.01 ea. 


1.7S6 x 10 -4 dyne - on 


Hence, r = 0.353 x 8 x 0.01 x 1.706 t in ' 

57s6 x 103 


5.92 x 10“ 1G e* 2 . 


2.44 x 10" 5 om - 0.24 U . 
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1 since the velocity of flow 


50X1 -HUM 


varied as r 2 , then the suspending radius would be ^ - °.U- 

Thus in specification barriers, the mean pore radius for Poiseuille 
flow, based on the same model of * equal cylindrical holes per 
square centimeter, lay between 0.14 and 0.24^4_7- 


61. 'Rubble method : Largest pore for 3 percent, > / 

Aasaasd IQO jgrsent, Knudaen flow: Mean pore of barrier which 

passes 120 cc standard air/sec through 250 cm 2 at 6.5 mm 4p 

and vi ■ 15 ■* r ‘ 0<37 A 

Condition for Knudaen flog ; Maximum permissible pore size r 0.75 fl. 

p^ii.C^DcneP tm^-tst. Pore sice for assumed Poiseuille 

flow in range 0.01 to 0.03 of Knudsen flow at pi =65 mm, 

- 6.5 mm, total flow 120 cc standard air/sec through 

250 cm 2 barrier, 0,14<r <0.24^ 

62. Some d^cus^on followed on the variation of pore sise in a given 
barrier* I 

Number X \ 

of pores / \ 

having * \ 

radius / \ 

between I 

r and / 

r f dr / 




The most prevalent radius was r,. Outside th is value were the 

mean, root mean square, root mean cube, etc. | 

the Poiseuille radius ought to lie outside the Knudsen 
radius, but the exercise was nevertheless considered profitable. 
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